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to be a direct consequence of damage to the DNA of those cells in the
skin that normally proliferate and differentiate to produce the scaly
cells that protect the body surface.  To complete the process, it is
then necessary to expose the skin for a prolonged period to various
promoting agents that modify or accelerate the normal process of cell
turnover. Because initiation is essentially irreversible, the process
of promotion will produce cancer, even if a long time is allowed to
elapse between initiation and promotion.
The nature of the events taking place during these later stages of
carcinogenesis is still very obscure. For example, it is not simply a
matter of forcing the initiated cell to divide quickly, because certain
agents that provoke cell proliferation do not act as promoters.  Most
promoting agents (e.g., the irritant phorbol esters in croton oil) have
a wide range of effects on the physiological functions of cells, espe-
cially on reactions taking place in the cell membrane.  But there is no
reason to believe that they have any direct action on DNA.  Unlike in-
itiation, the steps driven by promoters must be to some extent rever-
sible because the effects of prolonged exposure to a promoter such as
croton oil are lost if too long an interval is allowed between each
application.  To complicate matters still further, there is good evi-
dence that promotion can itself be divided into two classes of events,
each of which can be driven and inhibited by specific agents.  So far,
however, the exact molecular biology of these later events in carcino-
genesis remains obscure.
The predominant effects of the mutagens commonly used in experiments
in animals are localized changes in DNA, usually affecting only one or
two base pairs. There are, however, other ways to Induce cancer in ani-
mals that do not involve local changes in base pair sequence.  For exam-
ple, approximately one-quarter of all viruses known to infect vertebrates
are capable of causing cancer in some animal or other. Many of these
viruses probably are carcinogenic because they lead to novel juxtaposi-
tions of genes from the virus and the host.  Perhaps for this reason they
tend to cause particular kinds of cancer (e.g., lymphomas, leukemias, or
sarcomas) rather than act as general nonspecific carcinogens.  Certainly,
there is little evidence that they are acting as mutagens.
Certain cancers can be produced simply by transplanting cells to
novel sites in the body where they can multiply without the usual re-
straint or by placing them next to inert solid surfaces such as plas-
tic or metal. It seems unlikely that mutation plays any part in these
processes, especially since certain of the cancers produced in this way
will recover their normal restrained behavior when they are returned to
their normal location.
One conspicuous (and neglected) group of cancers results from over-
feeding—a treatment that is obviously not mutagenic. The incidence of
these cancers can be reduced by reductions in food intake. These effects

